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ILLUMINATION ARRANGEMENT FO R A PROJECTION SYSTEM 

The present invention relates to an illumination arrangement, in particular for a 
projection system, or the like, and more particular to an illumination 
arrangement for a projection system which employs solid state light sources. 

5 Nowadays, in many electronic appliances display devices are necessary for 
displaying information to a user or an audience. Because of the large variety of 
different types of electronic appliances having such a display device it became 
necessary to develop display devices for which only a umitecl space and/or a 
limited power consumption are available. Therefore, the idea of involving an 
10 array of light emitting diodes (LED) came up, but it was realized at the same 
time that known and state of the art light emitting diodes have only a very 
limited light output capability. 



It turns out that in recent years, a lot of efforts have been done to provide 
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15 u-display) showing a high compactness. 



An example of . such an illumination arrangement will be explained in detail 
while making reference to Fig. .21. An illumination arrangement 1' comprises a 
polychromatic light source array 2\ a pyramidal light pipe 3', and a target 
surface 4' to be illuminated. The light source array 2' comprises a first to fifth 

20 light source 2\ to 2' s which preferably may emit light of different colors, 
respectively. The light pipe 3' fulfills the foUowing functions: Collection and 
collimation of the light being emitted from, the polychromatic light source array 
2' and homogenization of the illumination of the target surface 4'. Thus, a 
polychromatic, uniform and collimated illumination of the target surface 4' can 

25 be achieved. , , 

The advantage of the pyramidal light pipe 3' is that the dimensions of an overall 
light emitting surface of said light source array 2' (which is indicated by the 
parameter SI, the area of said surface) is sufficient for illuminating the 
relatively large target surface 4* (which dimensions are indicated by the 
30 parameter S2, the area of said surface 4'). However, there is the problem that 
the size of an input surface 5' of the light pipe 3' limits SI and therefore limits 
the maximal number of light sources of 2\ to 2' 5 . As a consequence, the 
brightness of the light source array 2' and thus the brightness of the light 
iUuininating the target surface 4 is limited. 
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It is an object of the present invention to provide illumination arrangements, in 
particular for a projection system, which are capable of using solid state light 
source devices having only low light output capabilities and/ or which - at the 
same time - enable an easy and reliable optica} coupling of the primary 
5 illumination light from the solid state light source device to projection optics. 

The object is achieved by illumination arrangements according to the features of 
independent claims 1, 21, 33, and 44, respectively. Preferred embodiments of 
the inventive illumination arrangements are within the scope of the respective 
dependent sub-claims. 

10 • In the following a first solution of the object of the present invention is 

described: 

The illumination arrangement according to the first solution of the object of the 
present invention is adapted for a projection system, or the like, and comprises 
a light source device and a light collecting, integrating and redirecting device. 
15 The light source device is adapted for generating and for emitting primary 
illumination light. The light collecting, integrating and redirecting device is 
adapted for receiving at least a part of said primary illumination light from said 
light source device in a direct manner. The light collecting, integrating and 
redirecting device is further adapted to redirect said received primary 
20 illumination light so as to obtain directed primary illumination light. 
Additionally, said light collecting, integrating and redirecting device is adapted 
for outputting said redirected primary illumination light or a derivative thereof 
as secondary illumination light. According to the present invention, said light 
1 source device is or at least comprises at least one solid state light source device. 
25 ^Said light collecting/ integrating and redirecting device comprises at least one 
' light Valve device which is adapted for receiving said redirected primary 
illumination light and for outputting said secondary illumination light in a 
controllable manner. Further, said light collecting, integrating and redirecting 
device comprises at least one light integrating device being adapted for directly 
30 receiving and for integrating at least a part of said primary illumination light 
generated by and emitted from at least one associated of said at least one solid 
state light source devices and for outputting said redirected primary 
illumination light or a derivative thereof. 

It is therefore a basic idea of the present invention to use at least one solid state 
35 light source device as said light source device. It is a further basic idea of the 
present invention to have at least one light integrating device which is adapted 
for directly receiving and for integrating at least a part of said primary 
illumination light. 
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There are several possibilities of realizations for said solid state light source 
devices. First of all, it is preferred to Have the solid state light source device 
comprised of a single or of a plurality of solid state light sources. 

If a plurality of solid state light sources is involved said plurality may be built- 
5 up by or may comprise an array of solid state light sources. 

It is of particular advantage to involve different kinds of solid state light sources, 
in particular if each of which is adapted for generating and for emitting radiation 
or light of distinct spectral ranges or colours. In this case, they may be in 
particular organized in distinct groups, wherein in particular each group is then 
10 capable of producing radiation or light of a given spectral range or colour. 

According to a further advantageous embodiment of the inventive illumination 
arrangement each of said solid state light sources is a single light emitting diode 
(LED) or a multiplicity of light emitting diodes. Also edge-emitting LEDs (EELED) 
or pluralities thereof can be used. 

15 Alternatively or additionally, each of said solid state light sources is a single 
vertical cavity surface emitting laser device (VCSEL) and/or a laser diode (LD) or 
a multiplicity of vertical cavity surface emitting laser devices and/or laser diodes 
(LD). 

Alternatively or additionally, each of said solid state light sources is a single 
20 resonant cavity light emitting diode (RCLED) or a plurality of resonant cavity 
light-emitting diodes. 

To allow most of the primary illumination light generated and emitted by the 
light source device to be used and to be optically coupled to projection optics 
and to avoid primary illumination light to escape from the location of its 
25 generation without being collected it is also proposed that said light integrating 
device and said at least one associated solid state light source device are 
disposed in closed spatial proximity or relationship to each other. 

It is in particular suggested that said light integrating device and said at least 
one associated solid state light source device are disposed in direct mechanical 
30 contact to each other. 

In contrast, the collecting property of the light integrating device can be 
increased if according to a further preferred embodiment said light integrating 
device and said at least one associated solid state light source device are 
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adapted to have a gap structure between them, in particular an air gap, an 
evacuated gap, the gap width of which being small in particular compared to the 
cross-sections of the light integrating device and/or said at least one associated 
solid state light source device. 

5 According to this measure and in accordance to the TIR or total internal 
reflection condition even more light generated and emitted by the associated 
solid state light source device can be collected and integrated by said light 
integrating device, if no air gap is present. 

To further increase the light transmission from the associated solid state light 
10 source devices to the associated light integrating devices it is proposed in 
accordance to a further preferred embodiment of the present invention that said 
light integrating device has a light incidence aperture, that said associated solid 
state light source device has a light emitting aperture, and that said light 
emitting aperture is less than or equal to said light incidence aperture with 
15 respect to their diameter or cross-section area. According to this particular 
measure the cross-section or the area of the light incidence aperture of the light 
integrating device gets the best illumination with respect to the primary 
illumination light generated by and emitting from the associated solid state light 
source device. 

20 There are different possibilities of building-up said light integrating device. First 
of all said light integrating device may be a light pipe, ah integrator rod, and/or 
the like. 

Said light integrating device may be a solid rod, made in particular of plastic, 
glass, or an other optical transparent material. 

25 Alternatively, said light integrating device may be built-up as a hollow tube 
device or tube element having reflecting or mirrored inner walls or side faces. 

According to the above-mentioned measures, said light integrating device acts as 
a light guide for the received primary illumination light. 

Advantageously, said light integrating device has a square, rectangular, 
30 hexagonal or - in particular equilateral - triangular cross-section to obtain a 
uniform distribution. Oval or circular cross- sections are also possible if there 
are uniformity restrictions possible. 
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Additionally or alternatively, said light integrating device may be built-up as a 
light mixing device, in particular as a beam splitter device, a colour cube device, 
and/ or the like. 

In this case said light integrating device may have a plurality of light incidence 
> apertures and at least one light output aperture. 

According to this measure it is possible to use said light integrating device as an 
input stage for the primary illumination light of different and separated solid 
state light source devices, the primary illumination light Of which entering 
different light incidence apertures and the mixing light leaving the light 
0 integration device after being mixed within said light integrating device and 
exiting the light integrating device from said light output aperture. 

Of course, different light integrating devices can be combined with each other so 
as to combine and integrate and redirect primary illumination light stemming 
from different and spatially separated different solid state light source devices to 

li^ht having best illumination and projection 

properties. 

According to a further aspect of the present invention a light coupling and /or 
guiding improving arrangement is provided which is adapted and/ or arranged so 
as to improve the coupling and/ or the process of guiding of said primary 
20 illumination light from said light source device to and/or within said light 
collecting, integrating and re-directing device and in particular to and/ or Vvathin 
said light integrating device. 

• In the foDowing a second solution of the object of the present invention is 
described: 

25 According to the second solution of the object of the present invention, an 
illumination arrangement according to a first solution of the object comprise? at 
least two light sources for generating first light beams, respectively, a light 
mixing device for inputting said first light beams and combining them to a single 
second light beam, and a pyramidal light pipe which inputs the second light 

30 beam and outputs a third light beam. The third light beam is the desired output 
light beam which illuminates the target surface (which may for example be a "p- 
di splay"). 

Preferably, three light sources are used, each of them generating a first light 
beam of one of the colors green, red, and blue, respectively. However, also other 
35 colors may be used. Further, more than three light sources may be used. 
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In a preferred embodiment, the light mixing device is a color cube which shows 
at least two input surfaces for inputting one of the first light beams, 
respectively, and one output surface for outputting the second light beam. 
Alternatively, the light mixing device is constituted by a dichroic filter or a 
5 combination of dichroic filters. Each of the dichroic filters shows at least one 
input surface for inputting one of the first light beams, respectively, and one 
output surface. The combination of dichroic filters may, for example, comprise a 
first and a second dichroic filter, wherein the first dichroic filter shows two 
input surfaces for inputting two of the first light beams, and one output surface 
10 for outputting a first combined light beam, wherein the second dichroic filter 
comprises one input surface for inputting one of the first light beams, one input 
surface for inputting the first combined light beam, and one output surface for 
outputting a second combined light beam which is the single second light beam 
mentioned above. 

15 The terms "combining/combine" in the expressions "combining the first light 
beams to a single second light beam" and "a first combined light beam" and "a 
second combined light beam" may mean superposition of light beams of a 
common cross-section, or a light beam which alternately consists of different 
single light beams over the time (i. e. no superposition, known as "sequential 

20 coloring"). 

Advantageously, the length and the width of output sin-faces of the light sources 
are equal to or less than that of respective input surfaces of the color cube/ the 
respective input surface of the dichroic filters. Thus, an optimum of light power 
is inputted into an input surface of the light pipe. However, the length and width 
25 of output surfaces may also be smaller than the input surfaces of the color 
cube/dichroic filters. Preferably, the length and the width of an output surface 
of the color cube/dichroi<i filter which outputs the second light beam is equal to 
or less than the length and the width of an input surface of the pyramidal light 
pipe which inputs the second light beam. 

30 Between the light sources and the light mixing device and/or between the light 
mixing device and the pyramidal light pipe air gaps may be provided, 
respectively, in order to improve light collection. 

Between each light source and the corresponding input surfaces of the color 
cube/dichroic filters additional pyramidal light pipes may be located. This 
35 enables a great flexibility as far as the dimensions of the light mixing device are 
concerned. Preferably, in this embodiment, the lengths and the widths of the 
output surfaces of the light sources are equal to or less than the lengths and the 
widths of input surfaces of the additional pyramidal light pipes, and the lengths 
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and the widths of output surfaces of the additional pyramidal light pipes are 
equal to or less than the respective input surfaces of the color cube/dichroic 
filters. The output surfaces of the light sources may, however, also be smaller 
than the input surfaces of the color cube/dichroic filters. To increase light 
5 collection, the additional pyramidal light pipes and the light sources are in 
direct mechanical contact with each other. To further improve light collection, 
between the additional pyramidal light pipes and the light mixing device air gaps 
are provided. 

As has become apparent, an important aspect of the inventive illumination 
10 arrangement described above is that the use of a light mixing device makes it 
possible to increase the output surfaces of the light sources without increasing 
the input surface of the pyramidal light pipe. As a consequence, the brightness 
of a target service to be illuminated by the illumination arrangement can be 
increased while at the same time the dimensions of the illumination 
15 arrangement are increased only very slightly. n- 

In the following a third solution of the object of the present indention is 
described: 

According to said third solution of the object of the present invention an 
iUumination arrangement is provided comprising at least two light sources for 
20 generating first light beams, respectively, a light mixing device for inputting the 
first light beams and combining them to a single output light ;beam, and at least 
two pyramidal light pipes which are located between a light source and the light 
mixing device, respectively. 

Preferably, input surfaces of the pyramidal light pipes and the corresponding 
25 light sources are in direct mechanical contact with each other. Further, between 
the pyramidal light pipes and the mixing device air gaps may be provided. 

This embodiment also shows above mentioned advantages of a high compactness 
and an increased brightness of an output light beam. An additional advantage of 
this embodiment is that the mixing device shows larger dimensions compared to 
30 that of the first embodiment. As a consequence, the light mining device of this 
embodiment is easier to manufacture. 

The colour cube and/or the dichroic filters preferably comprise at least two glass 
prisms, respectively. 

Advantageously, but not necessarily, between two of the glass prisms of a color 
35 cube/dichroic filter a glass plate is provided, respectively which is coated by a 
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transmissive/reflective film, wherein the surface dimensions of the glass plate 
are bigger than the surface dimensions of surfaces of the prisms sandwiching 
the glass plate. 

• In the following a fourth solution of the object of the present invention 

5 will be described: 

According to said fourth solution of the object of the invention an illumination 
arrangement is provided, in particular for a projection system or the like. Said 
illumination arrangement comprises a light source device which is adapted for 
generating and for emitting primary illumination light. Further a light collecting, 

10 integrating and re-directing device is provided being adapted for receiving at 
least a part of said primary illumination light from said light source device and 
for re- directing said received primary illumination light so as to obtain re- 
directed primary illumination light and for outputting said re-directed primary 
illumination light or a derivative thereof as secondary illumination light. Said 

15 light collecting, integrating and re-directing device comprises at least one light 
integrating device being adapted for directly receiving and for integrating at least 
a part of said primary illumination light generated by and emitted from at least 
one associated light source device and for outputting said re-directed primary 
illumination light or a derivative thereof. According to that particular solution a 

20 light coupling and/ or guiding improving arrangement is provided which is 
adapted and/or arranged so as to improve coupling and /or guiding of said 
primary illumination light from said light source device to and/or within said 
light collecting, integrating and re-directing device and in particular to and/ or 
within said light integrating device. 

25 It is therefore a basic idea of said fourth solution to provide a light coupling 
and/ or guiding improving arrangement. This particular light coupling and/ or 
guiding improving arrangement is adapted to improve the light coupling from the 
light source device or a mixing device to said light collecting, integrating and re- 
directing device in particular to said light integrating device. Alternatively or 

30 additionally, said light coupling and/or guiding improving arrangement is 
adapted to improve the efficiency of the guiding process within said light 
collecting, integrating and re-directing device in particular within said light 
integrating device, for instance by reducing the escape of light from the light 
collecting, integrating and re-directing device and in particular from said light 

35 integrating device. 

According to a preferred embodiment of this fourth solution said light 
integrating device is or comprises a plain light pipe - in particular a solid 
integration rod - having a light incidence aperture and a side wall. Said side wall 
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of said light integrating device is provided with reflecting, means as said light 
coupling and/ or guiding improving arrangement or as a part thereof at its outer 
periphery at least in a neighborhood of said light incidence aperture. Further, 
said light reflecting means is adapted and/ or arranged to reflect light escaping 
5 from said light integrating device with a side wall thereof back into said light 
integrating device. 

According to a further aspect of the present invention in the case wherein said 
light integrating device is or comprises a plain light pipe, said light incidence 
aperture of said light integrating device may be positioned in a neighborhood of 

10 a light exit aperture of said light source device and/ or of said light mixing 
devices. In this case, between said light incidence aperture of said light 
integration device in said light exit aperture of said light source device and/ or 
said light mixing devices refraction index matching means may be provided, in 
particular filling a gap or a gap structure between said light incidence aperture 

15 of said light integration device in said light exit aperture of said light source 
device and/ or of said light mixing devices. 

Additionally or alternatively said reflection index matching means may be a 
liquid, gel, and/or a glue. 

Additionally or alternatively said refraction index -matching means may have a 
20 refraction index which essentially coincides with the refraction index of the 
material of the light integration device or with the refraction index of a material 
of the light source devices periphery: Said refraction index of said refraction 
index matching means may also interpolate between these values for refraction 
indices. 



25 According to a further alternative or additional embodiment of the present 
invention said light integration device may or may comprise a hollow light pipe 
having a light incidence aperture. In this case said light incidence aperture of 
said light integrating device may be positioned in a neighborhood of a light exit 
aperture of said light source device and /or of said light mixing devices. In this 

30 case a section or an enter section of the light integration device in the 
neighborhood of said light incidence aperture and/or being terminated by said 
light incidence aperture may be - in particular completely - filled with a plain 
pipe section as said light collecting and/ or guiding improving arrangement or as 
a part thereof, in particular for matching the respective refraction indices. 

35 . In the following these and further aspects of the present invention will be 

more elucidated: 



WO 2004/043076 



PCT7EP2003/012417 



-10- 

Solid state light sources (SSLS) present a number of advantages for rear- and 
front-projector engines when compared with traditionally used high pressure 
lamps. In particular, SSLSs allow colour management at the source level; they 
allow a better colour saturation, and they have a much longer lifetime. Moreover, 
SSLSs allow the design of new light engine architectures leading to more 
compact and potentially cheaper devices. 

The improvement of the lumen output, e. g. of light emitting diodes (LEDs), 
make them a natural tentative candidate to be used in projectors. As the light 
emitted by a single LED is not sufficient for some projector applications, the idea 
of collecting the light emitted by an array of LEDs and in redirecting it through 
the light valve came up. If the LED array covers a surface greater than the panel 
surface, light pipes or optical fibres commonly are used to collect the light of 
each individual LED. This approach requires a precise and costly assembly. 

Instead, it is proposed to optimise the design of the illumination engine based on 
today and incoming solid state light source technology based e. g. on optimised 
light source configurations combined with an integration rod. 

The problem of common projectors using solid state light sources is the limited 
brightness or lumen output reaching the screen. The brightness depends on the 
source throughput, the directivity of emission of the source and the optical 
efficiency of the projector engine. 

As types of solid state light sources light emitting diodes (LED), edge-emitting 
light-emitting diodes (EELED) resonant cavity light emitting diodes (RCLED), 
laser diodes (LD), and vertical cavity surface emitting lasers VCSEL are 
suggested. 

The limitations of available LEDs are the limited throughput and the non- 
directive emission according to the Lambertian emission law. 

VCSEL and RCLED have the big advantage to have a very directive emission. The 
limitations of available VCSEL and RCLED are e. g. that commercially available 
VCSEL and RCLED and lab samples of visible VCSEL and RCLED are not 
powerful enough, and are only available for red and blue. 

LD's have the big advantage of a very directive emission. The limitation of 
available LDs is that commercially available LDs are powerful enough in red 
only. 
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The invention proposes e. g. projector engine designs which optimise the use of 
LEDs of today technology as well as the use of VCSELs and RCLEDs as well as 
LDs. Moreover, some of the proposed designs are extremely compact and will 
allow the realization of embedded projectors, which is impossible with toda}' 
technology. 

A first proposed approach consists in using LED arrays whose overall surface is 
smaller or equal to' that of the light valve. In this case the light is guided onto 
the light valve by a single and simple light pipe, whose role also consists in 
making uniform the light distribution as shown in Fig. 1. The light pipe, also 
called integrator rod, can either be a solid glass or plastic rod or a hollow 
mirrored tube e. g. with a rectangular cross section. For a good coupling 
efficiency, an air gap is required between the LED array and the light pipe, and 
between the light pipe and the light valve. To avoid that too much' light escapes 
laterally, this air gap should be kept as small as possible. The simplicity of the 
design is based on the matching of the light pipe and the light valve cross 
sections. Thus the light valve is uniformly illuminated by light coming out from 
the light pipe. The cross section of the LED arra3^ has to be smaller or equal to 
the cross section of the hght valve. 

Beside marginal losses produced by Fresnel reflection at the light pipe 
extremities, all the Hght emitted by the LED array is directed onto the light 
valve. At this point, the hght has to go through the light valve and the projection 
optics before reaching the projection screen. Both the light valve and the 
projection optics have a limited angle of acceptance or aperture. This means that 
only the light included within a given cone of acceptance is going to reach the 
screen, the rest being lost. 

The aperture of the projector is determined by the F/number of the projection 
optics, typically between F/3 (half cone angle of 10°) and F/2 (half cone angle of 
15°). This means that at the hght valve plane, all the light which is not within 
the cone of acceptance is lost. 

LEDs, without complementary optics, emit hght vs. a Lambertian distribution. 
When the light reaches the projection optics, only the proportion of light within 
the cone of acceptance is going to reach the screen. As shown in Fig. 3, only 
small part of the emitted energy (3,0% for F/3 and 6,7% for F/2) is included 
within the acceptance cone. 

The optics between the LED array and the light valve can redirect the rays 
within the cone of acceptance, increasing the efficiency of the device. This can 
be done either, by using collimation micro-lenses in front of the LED array as 
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shown in Fig. 4A, or by using a pyramidal integration rod according to Fig. 4B. 
In both cases however, the active emitting surface is smaller than the light valve 
surface. In other words, the efficiency of the illumination engine can be 
improved by using collimation optics, but at the cost of the light throughput of 
the LED array because of a diminution of the emitting surface. 

Overall the limited (but improving) throughput of the Lambertian emitting LED 
arrays limit their use to projectors having low lumen output requirements, e. g. 
in rear-projection TV. 

Vertical cavity surface emitting lasers fVCSEL) have the interesting property that 
they emit light within a cone of typically beam divergence of ±8° which is smaller 
than the cone of acceptance of the projection . optics. Therefore, beside the losses 
of : each individual optical element, all the energy emitted by a VCSEL array 
Would reach the screen. As shown in Fig. 2, the VGSEL array can have the exact 
cross-section of the light valve. The intermediate optics, i. e. the integration rod, 
is only used as light distribution uniformiser and has no collimation 
functionality. 

Laser diodes have astigmatic emission, i.e. they do not need to be collimated in 
one axis (like VCSELs), but require collimation in the other axis. Asymmetric 
light pipes are therefore used. 

Figure 5 illustrates /the architecture of a three-colour-path tfansmissive 
projector based on solid state light sources either LED array of VCSEL array 
and/ or RCLED array. The imaging optics light valve and projection lens can be 
the same as those of a high-pressure lamp projector. However, the illumination 
engine is simplified and more compact, no fly-eye lens, no relay lenses are 
involved. 

Solid state light sources can also be used in sequential colour projectors. The 
advantage over HP lamp sequential projectors is that colour management can be 
done directly at the source level, i. e. no colour filter for colour separation is 
needed. The colour selection is made electronically by switching on and off the 
different light sources. 

Very compact architectures can be achieved when using back-lighting 
illumination light pipes. The illumination light pipes have a similar design to 
those used for the back-lighting of T-LCD displays, typically used in laptops an 
cell phones. The light is guided inside the light pipe by total internal reflection 
and is selectively out-coupled from the light pipe by scattering zones placed 
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along the light pipe surface. These compact projectors can be embedded into 
portable devices such as UMTS cell phones, camcorders, palmtops, or the like. 

What distinguish configurations of Figs. 5, 7 and 8 is the place available for the 
sources, i. e. for the emission surface, and therefore the resulting lumen 
throughput of the projector. The extremely reduced space available for the 
sources in Fig. 8 configurations implies the use of a highly efficient light 
sources, like VCSEL arrays and/ or RCLED arrays. 

I 

Configurations based on reflective light valves can also be built around solid 
state light sources. Nevertheless, the integration rod cannot be placed in close 
contact with the light valve, as the light should escape through the projection 
lens. In other words, some kind of beam splitter is needed in front of the light 
valve. The uniform distribution of light coming out of the integration rod has to 
be projected by some relay optics on the light valve. Basically all the standard 
reflective projector configurations based on integration rods can be adapted, in 
order to use solid state light sources. 

These reflective configurations are not as compact as the proposals based on 
transmission light valves. On the other hand there is space to place some kind 
of polarization recycler between the integration rod and the light valve. The same 
remark applies to traditional transmission configurations which make use of 
integration rod, relay optics and polarization recycler. They can also be adapted 
in order to make use of solid state light sources. 

When compared with traditional high pressure lamp projectors the invention 
offers the following advantages: 

Better colour saturation and larger colour gamut 

Colour management at the source level 

-> no need of colour filters 

-> electronic sequential colour management 

-> possibility of dynamic contrast adjustment. 

Much increased lifetime of the source 

No infrared emission on the optical path (cold light source) ) - 
possibility to use low cost plastic optics 
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Possibility to improve the red channel of current three-colour-path 
projectors. 

When compared with other proposed LED projectors the invention offers the 
following advantages: 

5 - Simpler design based on integration rod in close contact with the source 

panel and the light valve (no fly-eye lens, no relay optics) 

- Optimised LED -to-light-valve coupling efficiency 

Use of directive emitting VCSELs, RCLEDs, or LDs for much increased 
optical efficiency 

10 - Ultra- compact configurations based on back-lighting light pipes. 

In the following, some further general and theoretical aspects of the inventive 
concept and its realisations are given taking reference to figures 10 to 12: 

15 One Aspect of the present invention and its embodiments is to solve the problem 
of finding, a configuration which maximizes the illumination of a surface using 
an array of LEDs. Moreover* the illumination of the surface needs to be uniform 
and the direction of the rays kept within a limited aperture. The aperture or the 
angle of acceptance is determined by the numerical aperture of the imaging 

20 optics. The difficulty of the task comes from the fact that the angle of acceptance 
is generally small when compared to the large angular emission of the LEDs, 
having e.g. typically a Lambertian distribution. 

An illuminated surface may be, for example, the probe plane of a microscope, or 
25 the light valve plane of a projector. The imaging optics are in these cases the 
microscope objective or the projector objective. 

A goal consists of illuminating a plane uniformly with maximum light power and 
within a limited aperture of the optics. In other words, 

30 

1 . maximization of the collection efficiency or the capture of light 
emitted by the LEDs, 

2. maximization of the collimation efficiency or the directing of light 
with the aperture of the given optics, and 
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3. maximization of the light engine efficiency or the minimization of the 

optical losses of the components 

have to he achieved and are achieved by the present invention. 

The problem which is illustrated in Fig. 10, consists of finding a configuration 
which maximizes the illumination of a surface using an solid state light sources 
or array 33 of LEDs 31. Moreover the illumination has to he uniform and the 
direction of the rays kept within a Hmited aperture. 

The illuminated surface S 2 may be, for example, the probe plane of a microscope, 
or the plane of a light valve 40 of a projector. The maximal aperture of the 
illumination rays is then defined by the numerical aperture of the microscope 
objective or the F-number of the projector objective 70. 

The difficulty of the task stems inter alia from the non-directive radiation 
pattern emitted by the LEDs 31, which is e.g. typically a Lambertian 
distribution. This light needs to be redirected onto the hmited surface to 
illuminate and within the limited aperture of the optics. 

Theoretical background 

In the following, again reference is taken to figures 10 to 12. 

All illumination designs have to take into ' account the etendue theorem which 
states that the etendue or optical extent along an optical system cannot be 
reduced. For a given surface S the etendue E is defined by the surface S 
multiplied by the solid angle Q sustaining the light rays, i.e. 

E = SQ f 

according to Fig. 1 1 for Definition of the etendue E. 

In the general system illustrated in Fig. 10, the maximal useful etendue E 2 is 
defined by the surface S 2 to illuminate and the solid angle Q. 2 > For instance, if for 
the etendue K 1 of the source the relation E^E^ holds, then part of the light is 
lost. 
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The solid angle Q. z is function of the aperture of the optics and is given by the 
equation 



C2 2 = 2n - (l-cosp 2 ) = 47V ■ sin 2 !^ 



where <p 2 is the half angle of the cone of aperture. 
The etendue E x of the LED array is defined as 



(2) 



E 1 = Cl l ' 2^S Xi = 2?r •• S x , 



(3) 



where S 14 is the emission surface of each individual LED, N is the number of 
LEDs in the array, and 2tc is the solid angle of the hemisphere corresponding to 
the Lambertian emission. 



i r»nn/_ ~ ~ . j. • _ _ ^.crr _x 

The etendue theorem states that the etendue along an optical system cannot be 
reduced. Therefore, in order to achieve an optical system with a 100 % 
coUimation efficiency, the emission surface S x of the LED array cannot exceed 
S lmax as is shown by the following relations 



E,<E V 

2% ■ S x < 4n ■ sin 2 ^- j- S 2 , and ( 4 ) . 



System with limited coUimation efficiency 

If for the surface of emission the relation S!>S linax holds, part of the emitted light 
will not reach the surface S 2 within the aperture <p 2 , and will therefore be lost. 

The problem is analysed by looking at what is the emitted cone or half-angle tp x 
at the surface S x which is within the aperture of the optics or half-angle (p 2 at 
the surface S 2 . 

From the etendue theorem it follows that 
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S r 47T-shi 2 |^|=S 2 -47r-siii 2 ^ 



is fulfilled. Therefore, 



(p 3 =2- sin 



-l 



2 - (<Pz\ 

-sin — 
•a Uil 



is also fulfilled. 



(5) 



Trie coupling efficiency, T| c is defined, as the ratio of the emitted energy within 
10 the cone defined by 9lB - and the total energy W emitted by the source or surface 
S lf i.e.: 



(6) 



15 In the case of a Lambertian light source with an emission angle y=n/2, the 
coupling efficiency becomes 



J J cos(a)cos(J)-da- dj3 



'/C +7TJ2+7TJ2 



cos((X)cos(J)- da- d(3 



-7r/2-ff/2 

20 The luminous flux W 2 reaching the surface S 2 within the aperture (p 2 is 
proportional to the emission surface Si of the source and to the collimation 
efficiency ii Cf 



(7) 



25 



Three cases can be distinguished: 



(8) 



1) 5j <5 lmax and ti c =1, all the light emitted by the source can be used: W 2 

30 2) S 2 < S i > S lTD7iX and ii c <l, part of the light is lost, but as the surface of emission 
S x increases, W 2 increases, and 



3) S 2 > S v the surface of emission S x increases, but W 2 does not increase. 
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Proposed solution and features 

Different solutions based on reflectors and /or refractive lenses have been 
5 proposed for the collimation of LEDs. The drawback of these known approaches 
is that it is difficult to collect 100% of the light in the desired direction. 
Moreover the optics surrounding the LED is cumbersome, artificially increasing 
the et endue of the source. In addition, further optics is needed to make the 
illumination uniform, e.g. fly-eye lenses or an integration rod. 

10 

According to the present invention an approach based on - in particular 
pyramidal shaped - integration rods is proposed. This approach fulfils the three 
needed functions of 

15 - collecting the light emitted by the LED array, 

- collimating within the aperture of the optics, and 

- homogenising the illumination. 

The working principle of a pyramidal integration rod or PIR is illustrated in Fig. 

20 5. The PIR has an entry surface S\ an exit surface S", and length L. The PIR can 
be an empty tube whose internal faces are mirrors, or a plain transparent 
material - e.g. mineral glass, plastic or the like - of index n. For a plain PIR, the 
rays are reflected on the surface by total internal reflection or TIR. As is 
illustrated for two rays in Fig. 5, the angle with respect to the PIR surfaces 

25 normal is smaller at the exit of the pipe than at its entrance. Given the etendue 
theorem, the collimation is defined as 

30 where £2' is the solid angle of the ray before the PIR, and Q" is the solid angle of 
the ray after the PIR. The relations S'^S' and £T<Q' are fulfilled. 

As for a normal integration rod, the rays are mixed within the rod. Two condition 
have to be fulfilled in order to get an uniform distribution at the PIR exit 
35 surface: 



1. The PIR cross-section has either to be square, rectangular, (in particular 
equilateral) triangular, or hexagonal. 
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2. The PIR has to be long enough to allow enough reflections against the PIR 
surface. 

5 The theoretical collimation efficiency n c is achieved for L>L C . Above the length L c 
the collimation efficiency is constant. L c is determined experimentally or by ray- 
tracing simulation, in a case by case basis. 

In problem described above, the PIR entry surface S* has to coincide with the 
10 LED emission surface S lf and the PIR exit surface S" has to coincide with the 
surface S 2 to illuminate. As the LED array is constituted by a set small emission 
surfaces S lt , a micro PIR can be placed in front of each LED. The light is tnen 
collected by a bigger PIR or integration rod. The three systems illustrated in Fig. 
6 are all equivalent, given the length of the PIR is long enough to complete the 
15 collimation and the homogenisation. 

Main advantageous features of the present invention are the usage of a single 
optical element is used for light collection, light collimation, and light 
homogenisation. By using a single component from the light source (LED array) 
to the illuminated plane, the proposed approach minim izes the optical loses, 
lowers the manufacturing costs, and simplifies the device assembly, 

• These and further aspects will also be elucidated in the following: 

The invention proposes inter alia an illumination scheme based on a colour 
multiplexer and light pipes. It allows the uniform illumination of a surface (e.g. 
a ro-display) by the combining the light of different colour light sources (e.g. red, 
green, arid blue LEDs). The invention consists in the combination and 
particular assembly of the different optical components allowing an extremely 
compact embodiment. 

Colour combination can either be achieved by using a suite of dichroic filters or 
by using a colour cube. The combination of dichroic filters (coated glass plates) 
allows the combination of different colour beams into a single polychromatic 
35 beam. The coatings reflect one single colour (e.g. green or red) and transmit all 
the others. Note that the suite of dichroic filters can also be applied on prisms. 
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The colour cube is formed by the assembly of four prisms. The prism surfaces 
forming the cube diagonals are coated in such a way to reflect one colour (e.g. 
red or blue) and to transmit all other colours. In this way, three different colour 
beam can be recombined in a single polychromatic output beam. 

It shonld be noted that these colour combination schemes do nc>t fulfil any 
function in order to homogenize the illumination produced by the output beam. 

A illumination engine has been developed using a pyramidal light pipe. The l^ght 
pipe, fulfils the following functions: collection of the light coming from the light 
source (or array of light sources), collimation of the light coming from the 
source(s), and homogenisation of the illumination. It should be noted, that an 
array of different colour sources can be used. In this way a polychromatic, 
uniform, and collimated illumination is achieved. 

However, the limited surface of the light pipe input surface determines the 
maximal number of source elements, and therefore limits the . brightness of the 
source 

A problem consists in finding a configuration which has the same functionality 
of the illumination set-up presented with light collection, light collimation, 
homogenisation of iUumination, but with a increased surface available for the 
sources (allowing an increased brightness. 

A key parameter (requirement) is the, compactness of the embodiment (e.g. for 
illumination of m-displays). 

A basic idea in order to increase the brightness of the colour illumination device 
is to combine the properties of the colour combination schemes described, in 
particular with the 2 nd proposal below, and the light pipe illuminator described, 
in particular in the 3 rd proposal below. One goal is to have a bigger surface for 
coupling the light sources (e.g. LEDs) and to achieve a uniform and collimated 
illumination with a pyramidal light pipe. 



1 st proposal : 
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The first proposed set-up, consists of a colour cube for collecting and 
multiplexing the light of the single colour light sources, and a pyramid light pipe 
for the homogenisation and coUimation of the illumination, see Fig. 13. 

5 Note that an air gap is required between the light sources and the colour cube 
as weir as between the colour cube and the light pipe. The air .gap - reflects by TIR 
(total internal reflection) the rays which would otherwise escape the cube. These 
rays would either be absorbed or propagate ih : an undesired direction, producing 
optical losses. Note that some rays are practically unaffected by the air gap 

10 " - • 

2 lld proposal : 

The second proposal uses a sequence of dichroic filters to combine the different 
colour sources, see Fig. 14. 

15 

Tt should be noted that the dichroic filters are in glass cubes, called hereafter 
dichroic cubes. The light sources, the dichroic cubes, and the light pipe are 
separated by an air gap: As for the 1st proposal, the air gap allows to guide ray 
by TIR and minimize optical losses. The use of dichroic filter on glass plates 
20 would also let rays escape in undesired directions producing optical losses. 

The 2 nd proposal is less compact than the 1st proposal,, but it is simpler 
technologically speaking. It is therefore cheaper to realize, in particular for very 
compact dimensions. 

25 

3 rd proposal : 

For compact configuration, trie first two proposals may be difficult to 
manufacture. For example, in the case of the illumination of a 0.7" LDC m- 
30 display, the cube edge has a typical size between 2.0 mm and 4.0 mm. 

A way to relax the cube dimension constraint is shown in Figs. 15 and 16. The 
two configurations are functionally equivalent. However the positioning of the 
cube in an intermediate position is compacter 

35 

It should be noted that the cube is surrounded by air gaps in order to miriimize 
optical loses, as already explained. However, when the source is directly in front 
of the light pipe, there is no need to include an air gap between the source and 
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the light pipe. Actually when using surface mounted LEDs, the light extraction 
efficiency of the source is increased when the pipe is in contact with the LED 
surface. This results in significant increase of the overall optical efficiency. 

i 

5 The semiconductor active surface emits rays in random directions. Due to the 
high refractive index of the semiconductor when compared to the refractive 
index of the epoxy layer, part of the rays are trapped by TIR. The same happens 
for. part of the rays between the epoxy and the .air gap. However when the epoxy 
is in contact with the light pipe, all the rays leaving, the epoxy are coupled into 
10 the light pipe, as the refractive index of the epoxy and the refractive index of 
the pipe can be (need to be) chosen close to each other (close to index matching 
condition). 

Reminder : total internal reflection condition 

15 

For a ray in a high refractive index medium reaching the interface with a lower 
refractive index medium, if the angle of incidence is larger than the critical 
angle, then the ray is totally internal reflected. Otherwise the ray is refracted 
and propagates in the low refractive index medium, see Fig. 26.. 

20 

Prism coating: 

When using colour , or dichroic cubes for the proposed illumination 
configurations, the full dichroic surface is used. In other words, the full surface 
25 should be coated by the dichroic filter. In practice however, the coating does not 
stick to the surface close to the edges (see Fig. 12). When the prism size is 
small, the uncoated margin represents a significant proportion of the surface. 
This results in optical loses as the colours rays are not correctly redirected when 
falling on the uncoated margins. 

30 

A way to turn around the uncoated margin problem consists of coating a thin 
glass plate whose dimensions are bigger than the prism cross-section. The plate 
is then glued between two prisms. The uncoated margin being out of the prisms 
cross-section, the efficiency of the dichroic filter is optimised. 

35 

The proposal inter alia allows to combine sources of different colours and to 
uniformly illuminate a surface in a very in compact embodiment; this with 
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minimal optical losses. Our proposal also show how to relax the dimension 
requirements on the colour cube. 

• These and further aspects will also be elucidated in the following: 

5 * 

The present invention inter alia also relates to a light extraction mechanism for 
LED iUuminators. 

The optical efficiency of a LED based illumination device depends on the design 
10 and assembly process between the light source and the collimation optics. We 
present an original optimised design as well as an assembly/ manufacturing 
technique suitable for low cost mass-production. 

The outcoupling or extraction efficiency of LEDs is generally done by the LED 
15 manufacturer by applying a micro-structure on the chrpi surface or by giving a 
special shape to the encapsulating material (e.g. LED with epoxy lens). 

The invention inter aha proposes an illumination architecture based on light 
pipes. It is further proposed a system for which two optical elements are coupled 
20 with a index matching fluid. 

Some aspects of the present invention consist of: 

improved light pipe efficiency by combining total internal reflection (plain 
25 pipe) and mirror reflection {hollow pipe), and 

conception of a assembly scheme for efficient hghting and low cost mass- 
production. 

The invention inter aha intends to provide solutions for the following main 
30 problems: 

1) An assembly technique is proposed for low cost mass-production. 

2) The combination of a plain and hollow pipes optimises the device 
illumination efficiency. 

35 

As explained above, the combination of a ,LED array and a .pyramidal light pipe 
constitutes an efficient and compact illumination system which can be, for 
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example, used for the illumination of micro-displays used in projection 
application. 

The light pipe can either be a plain light pipe for which the : rays , are guided by 
5 total internal reflection (TIR), or an hollow pipe whose internal faces are mirror 
coated (metallic . reflection). The advantage of plain pipes is that , the redirection 
of ray by TIR is loss less. The advantage of hollow pipes is that they can be made 
shorter, as the rays propagating in air have larger angles and meet the light pipe 
faces after a shorter distance. On the other hand, the mirror, reflection of hollow 
10 pipe produces optical losses (typical mirror reflectivity * varies between 92%. to 
98% depending on angle of incidence and mirror material),. 

Key parameters of such an illumination engine are : 

15 1) the illumination efficiency 77, , 

2) the uniformity of illumination, and . .. 

3) the compactness of the device. 

The illumination efficiency TJ is defined as 

20 




where (ft^ is the flux emitted by an LED and is the flux provided "by the 

illumination engine within the limited aperture (solid angle) of the optics. 

25 

The state-of-trie art of the LED light pipe illuminator suffers of following defaults 

A. For plain light pipes: non optimal optical efficiency due to ray escaping the 
light pipe laterally, see Fig. 29A. 

B. For plain light pipes: non optimal optical efficiency due to non perfect index 
matching between the LED source and the light pipe, see Fig. 30A. 

C. For hollow pipes: non optimal . efficiency due to poor LED extraction 
efficiency, see Fig. 31A. 



As explained hereafter, the invention inter alia consists in avoiding these three 
shortcomings, as well as in proposing an efficient assembly solution well suited 
for mass production. 
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ad A: Optimisation of light guiding 

Plain light pipes suffer some losses as some ray reach the pipe faces put of the 
5 TIR condition. Note that this effect only happens for rays with large propagation 
angles at the beginning of the pipe, where the rays have still not been deflected. 

It is proposed to overcome the loss of optical efficiency produced by the rays 
escaping laterally by coatihg the first section of the light pipe with a mirror. 
lO Alternatively, the* plain light pipe can be plugged into a small hollow pipe. This 
way, the rays are guided by metallic reflection in the first section of the light 
pipe (with some minimal reflection losses), but are guided by TIR for the rest of 
the light pipe (without losses), see Fig. 29B. 

15 ad B: Optimisation of LED -to-pipe coupling 

The light extraction efficiency of LEDs is limited by the rays which are trapped 
by TIR. The TIR is the consequence of the difference of index between the LED 
protective layer (e.g. epoxy or silicone) and the air. This can be avoided when 

20 there is an refractive index matching between the LED and the light pipe. A good 
index matching is achieved when there is no air gap between the LED protective 
layer (and the light pipe (e.g. PMMA). In practice, this is difficult to achieve due 
to the imperfect surface flatness of the LED protective layer. Typical indices vary 
with wavelength and gave values for silicone of about 1;46, for epoxy of about 

25 1.53, and for PMMA of about 1.49. 

The way to avoid any the air gap between the LED and the light pipe is to insert 
a fluid (liquid, gel, and/ or glue) whose index of refraction corresponds to those 
of the pipe and the LED protection layer. Note that due to capillarity forces, the 
30 fluid sticks between the two parts, see Fig. 30B. 

ad C: Optimisation of hollow pipes efficiency 

Due to their nature, hollow pipes cannot improve LED extraction efficiency by 
35 index matching, as LED-to-pipe coupling is not possible. To avoid this problem a 
small plain pipe section whose role is to increase LED extraction efficiency is 
inserted to make a first ray redirection. This way the advantage of hollow pipes 
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(shorter that plain pipe) and plain pipes (high extraction efficiency) is combined, 
see Fig. 31B. 

D: Optimisation of assembly process . 

5 

The LED-to-pipe assembly process has to fulfil the following conditions : 

1: Fix together the optical components (LED and light pipe) 
2- Preserve the optical properties of the device (high optical efficiency) 
10 3: Be as simple as possible in order to reduce costs of the mounting process for 
mass-production 

The invention is based on a configuration which, as discussed, has a high 
optical efficiency. In order to keep costs as low as possible, it is proposed to use 
15 a glue as index matching material and to use the specially shaped hollow pipe in 
order to fix the different components laterally. 

Possible steps of the assembly process are: 



20 1) Position the specially shaped light pipe on top/ around of the LED 

2) Deposit a droplet of index matching glue 

3) Press the plain light pipe against the LED 

4\. Fine tune the horizontal alignment of the light pipes and the LED 

5) 3 ( Cure of the glue. Depending on the,glue, the curing is either. done thermally, 

25 by infrared illumination, or by ultraviolet illummation. 

In order to t maximize the light extraction efficiency, it is important that the 
yplume of the glue droplet is big enough to fill the air gap volume between the 
plain pipe and the LED. The air gap volume between the LED and the pipe is 
30 hard to predict with precision as it depends on the LED manufacturing process 
(deposition process of the epoxy). By precaution, the volume of the glue is 
chosen with some margin. As illustrated in Fig. 32A and 32B, the glue in excess 
finds its place is the space available between the lateral faces of the LED and the 
hollow pipe basis. 

35 

The invention solves the following problems of the state-of-the art : 
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• For plain light pipes: non optimal optical efficiency due to ray escaping 
the light pipe laterally. 

• For plain light pipes: non optimal optical efficiency due to non perfect 
index matching between the LED source and the light pipe. 

5 • For hollow pipes: non optimal efficiency due to poor LED extraction 

efficiency. 

Moreover, the invention proposes a cheap and efficient assembly process 
optimised for mass-production. 

[ ~ 10 In the following the invention will be described in more detail taking reference to 
the accompanying Figures. 

Figs. 1, 2 illustrate a first preferred embodiment of the inventive 

illumination arrangement. 



shows a graph which illustrates the relative emission of light 
15 as a function of the direction angle of emission, for a light 

emitting diode. 

Figs. 4A, 4B show details of further embodiments of the present invention. 

Figs. 5-9 illustrate further embodiments of the present invention for 

multiple colour applications. 

20 Figs. 10 - 12 illustrate some of the theoretical background. 

Fig. 13 shows a first embodiment of an illumination arrangement 

according to the present invention. 

Fig. 14 shows a second embodiment of an illumination arrangement 

according to the present invention. 

25 Fig. 15 shows a third embodiment of an illumination arrangement 

according to the present invention. 



Fig. 16 



shows a fourth embodiment of an illumination arrangement 
according to the present invention. 
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Fig. 17 shows an enlargement of the configuration of the light 

sources, the light mixing device and the light pipe of the 
embodiment shown in Fig. 13. 

Fig. 18 shows an alternative configuration of the light sources, the 

5 light mixing device and the light pipe of the embodiment 

shown in Fig. 13. 

Fi g^ 19 shows an enlargement of a configuration of light source and 

light pipe used in the embodiments of Figs. 15 and 16. 



10 



Fig. 20 shows an enlargement of an alternative configuration of a 

light source and a corresponding, light pipe used in the 
embodiments of Figs. 15 and 16. 

■ ' - . i 

Fig. 21 shows a known illumination arrangement. 

shews a first embodiment of a combination cf dichroic filters. 



Fig. 23 shows a second embodiment of a coinbination of dichroic 

15 filters. 

Fig. 24 shows a third embodiment of a combination of dichroic filters. 

Fig. 25 shows an embodiment of a color cube. 

♦ 

Fig. 26 shows the principle of total internal reflex 

Fig. 27 illustrates a method for coating prisms. 

20 Fig. 28 shows an alternative method for coating prisms according to 

the present invention. 

Fig. 29A, 29B are cross-sectional side views of embodiments of the present 
invention without and with a respective light collecting and/or 
guiding improving arrangement, respectively. 



25 
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Fig. 30A, 30B are cross- sectional side views of embodiments of the present 
invention without and with a respective light collecting and/or 
guiding improving arrangement, respectively. 

Fig. 31 A, 3 IB are cross-sectional side views of embodiments of the present 
5 : invention without and with a respective light collecting and/ or 

guiding improving arrangement/respectively. 

Fig. 32A, 32B are cross-sectional side views of further embodiments of the 
present invention demonstrating a mounting process with 
respect to a respective light collecting and/ or guiding 
10 improving arrangement. 

• The following description is directed to preferred embodiments of the 
present invention, in particular with respect to said first solution by 
taking reference to Figs. 1 to 12. : . 

Fig. i demonstrates by means cf a schematical and cross-sectional side view a 
15 first preferred embodiment of the inventive illumination arrangement 1 . 

The embodiment of Fig, 1 consists of a light source device 10 y which is built-up 
by a solid state light source device 30. The solid state light source device 30 of 
the embodiment of Fig. 1 consists of an array 33 of light emitting diodes 31. 
Said array 33 is formed to have a light emitting area or light emitting aperture 

20 30E from which primary illumination light LI is emitted to reach an incidence 
aperture 501 of a light collecting, integrating and redirecting device 20 which 
may consist as in the example of Fig. 1 of a light integrating device 50 and of a 
light valye device 40, the former of which is in this case formed as an integration 
or integrator rod 50 of a solid bulk material, for instance glass, plastic, or the 

25 like. 

Rays of primary iUumination light LI entering said integrator rod 50 via said 
light incidence aperture 501 are first of all refracted according to the Snell's law 
of refraction and according to a refractive index of the material of the integrator 
rod 50 being larger than the refraction index of the gap material of the gap G 
30 between said integrator rod 50 and the light source device 10. During the 
passage of the primary illumination light rays LI within the material of the 
integrator rod 50 said rays of light are reflected at the side Walls or faces 50s of 
the integrator rod 50. Finally, after a plurality or multiplicity of reflections at the 
side walls 50s each of said received and multiply reflected rays of light of the 
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primaiy illumination light LI exits from the integrator rod 50 via output 
aperture 50E and then enters the light valve 40 being situated in direct 
proximity to the light output aperture 50E. 

After exiting said integrator rod 50 via output aperture 50E, the light 
distribution in the second gap G' between the integrator rod 50 and the light 
valve 40 is more uniform than the light distribution at the first gap G between 
the light source device and the integrator rod 50. 

After receiving the redirected primary illumination light RL1 the respective rays 
of light are allowed to pass through the light valve 40 in a controllable manner 
and they leave the light valve 40 as secondary illumination light L2 to enter 
certain projection optics 70, shown in Fig. 2, and then entering a display screen 
80. 

The gap G between the light source device 10 and the integrator rod 50 which is 
shown in Figs. 1 and 2 is of particular importance as even in the case of an 
array of light emitting diodes each of said diodes 31 only has a minor directive 
emission capability because the light distribution or energy distribution of 
emitting light waves obeys a Lambertian distribution as shown in Fig. 3. Fig 3 
demonstrates this Lambertian distribution as a graph demonstrating the relative 
energy of emitted light for a light emitting diode 31 as a function of the emission 
angle. From the distribution . of Fig. 3 it can be derived, that it is necessary to 
keep the gap width of the gap G between the light source device 10 and the 
integrator rod 50 as narrow as possible to increase the integral or the amount of 
primary illumination light LI entering the area of incidence or incidence 
aperture 501. 

As can be seen from Fig. 2, the cones of acceptance of the integrator rod 50 and 
the displaying optics 70 may be different. Therefore, it could be necessary to 
adapt said cones of acceptance. This can be done alternatively by employing fly- 
eye-optics as shown in Fig. 4A or more preferably by using an integrator rod 50, 
having a pyramidal cross-section as shown in Fig. 4B. 

Figs. 5 and 7 to 9 demonstrate different possibilities of combining solid state 
light source devices 30 of different colours to obtain a multi-colour illumination 
arrangement for a multi-colour projection system. 

In Fig. 5 three different coloured solid state light source devices 30 having e. g. 
light emitting diode arrays 33 are given, each of said solid state light source 
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devices 30and therefore each of said light emitting diode arrays 33. being 
associated with an integrator rod 50 interposed between said solid state light 
source device 30 and a light valve arrangement 40, so that for each of said light 
source devices 30 of different colours an arrangement similar to that shown in 
5 Fig. 1 is given. 

To combine the three different colours of said three different solid light source 
devices 30 a light mixing device 55 or colour cube 55 common for each of said 
three arrangements is given being capable of receiving the respective secondary 
illumination light L2, to mix them up, and to allow them to pass over to the 
10 projection optics 70. 

Fig. 6A to 6C show different embodiments of the light collectmg, integrating and 
redirecting unit or device 20 in the form of different integrator rod arrangements 
each of which being adapted for an array 33 of LEDs 31 or 31-1 to 31-4 as a 
light source device 10 and each of which being optically coupled to a light valve 
15 device 40. 

In Fig. 6A the light collecting, integrating and redirecting unit or device 20 is 
formed as a plurality of more or less similar or identical separated and parallely 
arranged single pyramidal integrator rods 50-1 to 50-4 each of which being 
uniquely assigned and coupled with its respective light entrance section 501 to a 
20 given LED 31-1 to 31-4, .respectively. The light entrances 501 are in each case 
smaller than the respective light output sections 50O which are optically 
coupled to the light entrance section 401 of ajcommon light valve device 40. 

In Fig. 6B the more or less similar or identical separated and' parallely arranged 
single pyramidal integrator rods 50-1 to 50-4 are optically coupled instead to the 
25 light entrance section 501' of a common and integrator rod 50 the light exit 50O 
of which being optically coupled to the light entrance section 401 of a common 
light valve device 40. 

The common integrator rod 50 of the embodiment of fig. 6B has a uniform cross 
section, whereas the cross section of common integrator rod 50 of the 
30 embodiment of Fig. 6C is non-uniform and the respective integrator rod 50 is 
formed pyramidal. 



Figs. 7 A and 7B demonstrate two different arrangements for realizing multiple 
colour illumination arrangements for multiple colour projection systems which 
differ from the embodiment of Fig. 5. 
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In the embodiment of Fig. 7 A a solid state light source device 30 is employed as 
said light source device 10 which has a LED-array 33, the members of which, i. 
e. the distinct light emitting diodes 31, possessing different spectral emission 
ranges, i. e. different colours. After the passage of the primary illumination light 
LI through the integrator rod 50 at the gap G* between the light valve 40 and the 
integrator rod 50, the uniform light distribution and the uniform colour 
distribution after passing the light valve 40 is then directed to the projection 
optics 70. 

In the case of the embodiment of Fig. 7B three different coloured solid state light 
•source devices 30, each of which being built-up by an array 33 of light emitting 
diodes 31 have distinct spectral ranges or colours with respect to each other. 
The primary illumination light LI of each of said single solid state light source 
devices 30 is directed to the light mixing device 55 which after mixing directs 
the output light to the integrator rod 50 to obtain a secondary illumination light 
L2 at the gap G* between the light valve 40 and the integrator rod 50 havtag a 
uniform illumination and colour distribution. 

Figs. SA and 8B demonstrate further examples of multiple colour illumination 
devices. In these cases illumination light pipes 50 are used for redirecting and 
maMng uniform received amounts of primary illumination light LI. In contrast 
to the embodiments discussed above; where the incidence aperture 501 at which 
primary illumination light LI enters the distinct integrator rod 50 and the 
output aperture 50E are disposed in parallel to each other, the incidence 
apertures 501 and output apertures 50E of the embodiments of Figs. 8A and SB 
are perpendicular to each other. Therefore, primary illumination light LI emitted 
by solid state light source devices 30 of the embodiments of Fig. 8A and 8B 
enters, the associated fflumination light pipes 50 at their base* faces, whereas the 
redirected primary illumination light RL1 exits from said illumination light pipes 
50 at side faces thereof. 

A difference between the embodiments of Figs. 8A and SB is that for obtaining a 
multi-colour arrangement in Fig. 8A a plurality of single coloured solid state 
light source devices 30 or LED-arrays 33 is necessary, whereas in the 
embodiment of Fig. 8B multiple coloured solid state light source devices 30 or 
LED-arrays 33 are provided. 

Of course, in the embodiment of Fig. 8A according to the multiplicity of single- 
coloured solid state light source devices 30 again a light mixing device 55 is 
necessary. 
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The embodiment of Fig. 9 demonstrates an application of the embodiment of Fig. 
7B, having intermediate optics 81, 82 for adapting the cones of acceptance 
between the integrator rod 50 and the light valve 40. The intermediate optics 81, 
82 consists of a lens arrangement 81 and a polarization beam splitter 82 which 
in combination with each other transforms or maps the cone of acceptance of 
the integrator rod 50, i. e. the geometry of the redirected primary illumination 
light RL1, to the cone of acceptance of the light valve 40, which is in the 
embodiment of Fig. 9 a reflective light valve 40 which allows the passage of 
secondary illumination light L2 to the projection optics 70 upon reflection at the 
interface of light valve 40. 

• In the following description, some general remarks about dichroic filters 
and color cubes and further remarks with respect to the present 
invention, in particular with respect to said second and third solutions 
will be given by taking reference to Figs. 13 to 28. 

Color combination can either be achieved by using a combination of dichroic 

- . jr ' ' ' 

filters or by u.sing a co^*^ , ~ ^* 1 ^ 

Fig. 22 shows a combination of a first dichroic filter 10' and a second diehroic 
filter 11'. The two dichroic filters 10', 11' are realized as glass plates being 
coated by respective transmissive/reflective films 16', 17'. Each dichroic filter 
reflects one single color (for example red or green) and transmits all other colors. 
In this example; the first dichroic filter 10' transmits a first color beam 12', 
having for example blue color and reflects a second color beam 13', of for 
example red color. The second dichroic filter 11' transmits the first color beam 
12' and the reflected second color beam 13' and reflects a third color beam 14', 
of for example green color. Thus, a combined color beam 15' is generated. 

As can be taken from Figs. 23 and 24, combinations of dichroic filters can also 
be realized as combinations of coated prisms of for example glass. The 
combination of dichroic filters shown in Fig. 23 comprises a first to third prism 
20' to 22'. Between the first prism 20' and the second prism 21' a . first 
reflective/transmissive film 23' is provided. Further, between the second prism 
21' and the third 22' a second reflective/transmissive film 24' is provided. The 
first transmissive/reflective film 23' reflects the first color beam 12' of, for 
example, blue color. The second transmissive/reflective film 24' reflects the 
third color beam 14' of, for example, green color and transmits the second color 
beam 13* of, for example, red color. The reflected third color beam 14' and the 
transmitted second color beam 13* pass the first transmissive/reflective filter 
23'. As a consequence, a combined color beam 15' is generated. 
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Fig. 24 shows another example of a combination of dichroic filters being realized 
by coated prisms. In this combination, a first to third prism 25' to 27' are 
provided. Between the first prism 25' and the second prism 26 a first 
transmissive/reflective film 28' is provided. Between the second prism 26' and 
the third prism 27' a second transmissive/reflective film 29* is provided. 
Analogous to the embodiment shown in Fig. 23, the properties of the first and 
second transmissive/reflective films are chosen in a way that the color beams 
12* to 14' are combined into a combined color beam 15'. 

Fig. 25 shows an example of a color cube. A color cube 30' comprises a first to 
fourth prism 31' to 34'. The prism surfaces forming the cube diagonals are 
coated in such a way that one color (for example, red or blue) is reflected, and 
all other colors are transmitted. Thus, a first transmissive/reflective film 35' and 
a second transmissive/reflective film 36' are provided. As a consequence, the 
color beams 12' to 14' are combined into a single combined color beam 15. 

All examples of light mixing devices given above show possibilities to recombine 
different color beams into one single polychromatic ."output beam. It should be 
noted that these color combination schemes do not fulfill any function in order 
to homogenize the illumination produced by the output beam. 

Making reference to Fig. 13, a first preferred embodiment of an illumination 
arrangement according to the present invention will be described. An 
illumination arrangement 40' comprises a first to third light source 41' to 43', a 
color cube 44' showing a first transmissive/reflective film 4.5' and a second 
•transmissive/reflective film 46', a pyramidal light pipe 47', and a target surface 
48 f to be illuminated. 

The function of the color cube 44' is to collect and multiplex different color 
beams generated by the light sources 41' to 43\ For example, the first fight 
source 41' produces a blue color beam being reflected by the first film 45', 
whereas the third light source 43' generates a second color beam of red color 
being reflected by the second film 46'. The color beam of green color being 
generated by the second light source 42* passes both the first and the second 
film 45\ 46'. Thus, a combined single output beam passes through an output 
surface 49' of the color cube 44* and is coupled into the pyramidal light pipe 47' 
through an input surface 50' of the pyramidal fight pipe 47'. In this example, the 
lengths and the widths of output surfaces of the light sources 41* to 43' are 
equal to the lengths and the widths of respective input surfaces of the color cube 
44' (for example the dimensions of an output surface 51 1 of the first light source 
41' is equal to that of an input surface 52* of the color cube 44'). However, the 
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dimensions of the output surfaces of the light sources 41' to 43' may also be 
smaller than those of respective input surfaces of the color cube 44'. 

Compared to the embodiment shown in Fig. 21, the brightness of the color 
illumination of the surface 48' is remarkably higher since an overall output 
5 surface of the light sources 41' to 43' which emits light is three times higher 
than that in Fig. 21. The pyramidal light pipe is responsible for homogenization 
and collimation of the illumination. 

Maldng reference to Fig. 14, a second embodiment of an illumination 
arrangement according to the present invention will be described. In this 
C) 10 embodiment, the color cube 44' of Fig. 13 is replaced by a combination of 
dichroic filters. An illumination arrangement 60* comprises a first to third light 
source 61' to 63', a first dichroic filter 64\ a second dichroic filter 65", a 
pyramidal light pipe 66', and a surface 67' to be illuminated. The first and the 
second dichroic filter 64', 65' are realized as glass cubes having a first and a 
15 second transmissive /reflective film 68' and 69'. The first film 68' combines light 
beams being generated from the second and third light source G2\ 63' into a 



combined light beam which enters the second dichroic filter 65' via an input 
surface 70'. The second dichroic filter 65* combines said combined light beam 
and a light beam being emitted from the first light source 61* by means of the 
20 second film 69' to generate a second combined fight beam which enters the 
pyramidal fight pipe 66'. The embodiment of Fig. 14 is less compact than that of 
Fig. 13. However, the illumination arrangement of Fig. 14 is easier to 
manufacture, in particular for very compact dimensions. 

Preferably, in the embodiments of Fig. 13 " and 14, air gaps G are provided 
25 between the light sources 41' 'to 43\ 61' to 63',' and the color cube 447dichroic 
filters 64\ 65'. Preferably, air gaps are also provided between the color cube 44* 
and the pyramidal light pipe 47' as well as between the second dichroic filter 65' 
and the pyramidal light pipe 66' and between the first and the second dichroic 
filter 64', 65'. The reason for this is explained in Figs. 17 and 18. 

30 As can be taken from Fig. 17, a first to fourth light ray 53' to 56' is generated by 
the light sources 41' to 43'. Due to the air gaps G. all light rays 53' to 56' are 
reflected by total internal reflection (TIR) by the air gaps G and are thus coupled 
into the pyramidal light pipe 47'. Without such an air gap, only one of those 
light rays 53' to 56' would have been coupled into the pyramidal light pipe 47, 

35 namely light ray 54', as can be taken from Fig. 18. All other light rays are either 
absorbed by the light sources 41' to 43' or lost. That is, without air gaps G, the 
rays would either be absorbed or propagate in undesired directions producing 
optical losses. Some of the light rays (ray 54* in Fig. 18) are practically 
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unaffected by the air gaps G. Optical losses is also the reason to employ glass 
cubes in Fig. 14 and not only glass plates 10 ! , 11' as shown in Fig. 22. Such 
coated glass plates would let light rays escape in undesired directions producing 
optical losses. 

5 Making reference to Fig. 15, a third embodiment of an illumination arrangement 
according to the present . invention will be described. An illumination 
arrangement 80' comprises a first to third light source 81' to 83\ a color cube 
84' showing a first transmissive/reflective film 89* and a second 
transmissive/reflective film 90/ f a first to third pyramidal light pipe 85V to 87' 

lO and a target surface 88* to be illuminated. Preferably, in this embodiment, the 
light pipes 85' to 87' and the respective light sources 81' to 83* are in direct 
mechanical contact with each other. This embodiment- is easy to manufacture 
since the dimensions of the color cube 84* are relatively large. To give an 
example: The cube edge has a typical size of 2,0 mm to. 4,00 mm in the 

15 configurations of Figs. 13 and 14, whereas the color cube has the dimensions of 
the p-display (e. g. 0,7" diagonal) in the configuration of Figs. 3. However, the 
present invention is not restricted to these dimensions. Air gaps G are provided 
between the light pipes 85' to 87' and the color cube 84*. Light beams being 
emitted by the light sources 81' to 83' is transported by the light pipes 85' to t 87* 

20 to the color cube 84', respectively, which mixes the light beams by means of the 
films 89', 90' to generate a combined light beam which illuminates the target 
surface 88'. 

Making reference to Fig. 16, a fourth preferred embodiment of an illumination 
arrangement according to the present invention will be described. An 

25 illumination arrangement 100' comprises a first to third light source 101' to 
103', a color cube 104' showing a first transmissive/reflective film 105' and a 
second transmissive/reflective film 106', a pyramidal light pipe 107', a target 
surface 108' to be iUuminated, and a first to third additional pyramidal light 
pipe 109' to 111'. This embodiment differs from that shown. in Fig. 13 only by 

30 the additional pyramidal light pipes 109' to 111'. Preferably, in this embodiment, 
the additional pyramidal light pipes 109' to 111' and the respective light sources 
101* to 103' are in direct mechanical contact with each other. 

The embodiment shown in Fig. 16 is more compact than that of Fig. 15. It is not 
as compact as that of Fig. 13, but easier to manufacture. Air gaps G are 
35 provided between the light pipes 109* to 111* and the color cube 104' and 
between the color cube 104' and the pyramidal light pipe 107'. 

The color cube 44* and the dichroic filters 64', 65' are surrounded by air gaps G 
in order to minimize optical losses, as already explained. However, when the 
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source is directly in front of the light pipe, as shown in Figs. 15 and 16, there is 
no need to include an air gap between the source and the light pipe. This will be 
explained while making reference to Figs. 19 and 20. 

Actually, when using surface mounted LEDs, the light extraction efficiency of 
5 ' the light source is increased when the light pipe is in contact with the LED 
surface (see Fig. 20). This results in an significant increase of the overall optical 
-efficiency. 1 

In Figs. 19 and 20, a semiconductor active surface 121' of a semiconductor 120' 
is shown which emits light rays in random directions. Due to the high refractive 

10 index nl of the semiconductor 120' compared to the refractive index n2 of an 
epoxy layer 122'; part of the rays are trapped by total internal reflection (for 
example ray denoted by reference symbol 123'). In the configuration of Fig. 19, 
the same happens for parts of the rays between the epoxy layer 122' and an air 
gap G (see totally reflected ray denoted by reference symbol 124*). Howeve% ; -.in 

15 the configuration shown in Fig. 20, where the epoxy layer 122' is in contact with 
a light pipe 126', all the rays leaving the epoxy layer 122' are coupled into the 
light pipe 126*. as the refractive index of the epoxy layer 122*, n2 and the 
refractive index of the light pipe 126\ n3 preferably are chosen close to each 
other (close to index matching condition). - 

20 The principle of total internal reflection is shown in Fig. 26. For a ray in a high 
refractive index medium nl reaching an interface 130' with a lower refractive 
index medium r±2, if the angle of incidence a is bigger than the critical angle ac, 
then the ray is totally internal reflected (TIR). Otherwise, the ray is refracted and 
propagates in the* low refractive index medium. The critical angle is d c = sin" 1 

25 (n2/nl). 

When using color or dichroic cubes for the illumination configurations proposed 
above, the full dichroic surface of the prisms/glass plates etc. is "used" 
(illuminated) by the light beams. Ih other words, the full surface should be 
coated by the corresponding dichroic films. In practice, however, it may be 
30 difficult to coat the surface close to the edges for several reasons (for example 
because the edges are already covered with undesired material). 

This situation is shown in Fig. 27: A prism surface 140* is coated 03' a 
transmissive/reflective (dichroic) film 141' as described above. Usually, an 
uncoated margin 142' is left because of restrictions in the manufacturing 
35 process. When the prism size is small, the uncoated margin represents a 
significant proportion of the prism surface 140*. This results in optical losses as 



WO 2004/043076 



PCT/EP2003/012417 



-38- 

the color rays are not correctly redirected when falling on- the uncoated margin 
142'. 

A way to turn around the uncoated margin problem is shown in Fig. 28. A thin 
glass plate 145* whose surface dimensions are bigger than the surface 
dimensions of a prism cross-section of two prisms 146', 147' is coated with said 
transmissive/ reflective film 14 V and then provided (glued) between the two 
prisms 146', 147' to get a dichroic filter on a glass prism basis. The uncoated 
margin 142' does then not lie within the prisms cross-section, thus the 
efficiency of the dichroic filter is optimized. 

• The following description is directed to preferred embodiments of the 
present invention, in particular with respect to said fourth solution by 
taking reference to Figs. 29A to 32B. 

Figs.. 29A and 29B demonstrate by means, of cross-sectional side views 
embodiments of the present invention with and without the inventive light 
collecting and /or guiding improving arrangement 50A. respectively. 

For collecting and integrating primary illumination light LI from a light source 
device 10 a light integrating device 50 in the form of a pyramidal light pipe or 
integration rod 50 is provided, the latter having the light incidence aperture 501 
and side walls 50s. The integration rod 50 uses the principle of total internal 
reflections or TIR as is demonstrated by the collected ray C which exits the light 
source device 10 and its housing 30c through a light exit aperture 30E so as to 
enter the light integrating device 50 or integration rod 50 through its light 
incidence aperture 501. This happens under an angle which is sufficient so as to 
satisfy the TIR conditions for said collected ray C. 

However ray R of Fig. 29A exits the light source device 10 through its light exit 
aperture 30E under an angle such that the TIR conditions cannot be fulfilled by 
said ray R. Therefore said ray R is not reflected back to the internal at the side 
wall 50s of said light integration device 50 but escapes from the light integration 
device 50. Therefore according to the situation of Fig. 29A light may be lost 
thereby decreasing the efficiency of the arrangement of Fig. 29A. 

According to a further aspect of the present invention the arrangement of Fig. 
29A is modified by providing at the periphery of the side walls 50s of the light 
integration device 50 in the neighborhood of said light incidence aperture 501 
reflecting means 50m as said light collecting and/ or guiding improving 
arrangement 50A or as a part thereof. According to this particular measure said 
ray R which is lost in the arrangement of Fig. 29A is reflected back by said 
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reflecting means 50m of said light collecting and/or guiding improving 
arrangement 50A. Thereby, the efficiency or light efficiency of the arrangement 
shown in Fig. 29B is improved when compared to the arrangement of Fig. 29A. 

Figs. 30A and 30B also describe iUumination arrangements according to the 
5 present invention without and with the provision of the inventive light collecting 
and/or guiding improving arrangement 50a, respectively. 

■' 

In the arrangement of Fig. 30A an air gap or air gap structure G is situated 
between the light exit aperture 3GE of the light source device 10 and the light 
incidence aperture 501 of the light integrating device 50 in the form of an 
^ 10 pyramidal integration rod 50. Produced ray C of light enters the internal of the 
light integrating device 50 after being transmitted by said air gap G under angle 
conditions which fulfill the TIR conditions of the light integrating device 50. 
Therefore ray C remains collected in the internal of said light integration device 
50. However ray R shown in Fig. 30A gets lost by being reflected at the interface 
15 between the casing 30c of the light source 10 and the air gap G according to 

+ n+ 0 1 i-n + A-rnol rofloo+inn TV-v 1 T'TTD « ^« **Z4-Z -4-T~ ~ z J- C t l 

"~ ^*-^>~ ^ Aiiio J.J.J.V ^VJlluiLiUXi. Cl. L I I 1 LCI iqUC UCLWCCJLi L11C U<t£>JJJL£ 

30c and the air gap G strongly depends on the large difference between the 
refraction indices of the material of the casing 30c or of the light source device 
material and the air gap. 

20 To overcome this difficulty in the embodiment of Fig. 30b the air gap G between 
the light exit aperture 30E of the light source device 10 and the light incidence 
aperture 501 of the light integrating device 50 is filled with a liquid, gel, and/ or 
L>' a S lue or a refraction index matching means 50r as said light collecting and/ or 

guiding improving arrangement 50A or as a part thereof. Thereby, the light 

25 efficiency of the embodiment of Fig. 30B is improved when compared to the light 
efficiency of the embodiment of Fig. 30A, as for instance ray R is coupled to the 
integration rod 50. 

Figs. 31A and 3 IB demonstrate by means of cross-sectional side views 
embodiments of the inventive illumination arrangements without and with the 
30 provision of the inventive light collecting and/or guiding improving arrangement. 

In both cases the illumination arrangement comprises as a light integration 
device 50 a hollow pipe or hollow guide tube in pyramidal form. This light 
integration device 50 comprises a light incidence aperture 50i which is 
positioned in the neighborhood of a light exit aperture 30E of said light source 
35 device 10. In a similar way as compared to the embodiment of Fig. 30A a ray C 
may be collected by said guide tube, whereas the ray R suffers from total 
internal reflection at the interface between the light source devices' material and 
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the air. Therefore a fraction of the light or primary illumination light LI being 
emitted from said light source device 10 via its light exit aperture 30E gets lost. 

To overcome this problem a plain light pipe section 50p as said light collecting 
and/or guiding improving .arrangement 50A or as a part thereof is provided 
5 filling an end section of the hollow guide tube or hollow pipe as said integration 
device 50. Additionally, said, plain pipe section 50p completely fills the end 
section of the hollow pipe as said light integration device 50 and terminates the 
same and its light incidence aperture 501. Between the end surface or light 
incidence aperture 501 and $aid light exit aperture 50E again a refraction index 
10 matching means 50r is provided so as to , overcome . the TIR problems at the 
interface between the light exit aperture 30E of the light source device 10 and 
the air gap G. Thereby less primary fflumination light LI is lost and additionally 
the light efficiency of the arrangement shown in Fig. 3 IB is improved over the 
light efficiency of the embodiment shown in Fig. 31A. 



WO 2004/043076 



PCT/EP2003/012417 



-41- 

Reference Symbols 

1 Illumination arrangement , 

10 light source device 

20 light collecting, integrating and redirecting device 

5 30 solid state light source device 

30c case/ case material, housing/housing material 

30E light exit aperture, light output aperture 

301 light incidence aperture, light entrance aperture 

30O light exit aperture, light output aperture 

10 31 solid state light source, LED 

31-1 solid state light source, LED 

31-2 solid state light source, LED 

31-3 solid state light source, LED 

31-4 solid state light source, LED 

15 32 solid state light source 

33 array of solid state light sources 

40 light valve device, LCD panel 

40E light exit aperture, light output aperture 

. 401 light incidence aperture, light entrance aperture . - 

20 40O light exit aperture, light output aperture 

'j 50 light integrating device, integrator rod, light pipe 

50A light coupling and/ or guiding improving arrangement 

50E light exit aperture, light output aperture 

50E' light exit aperture, light output aperture . . .■ ; 

25 501 light incidence aperture, light entrance aperture 

501' light incidence aperture, light entrance aperture 

50m reflecting means, reflecting mirror 

50O light exit aperture, light output aperture 

50p plain light pipe section, plain pipe section 

30 50r refraction index matching means, liquid, gel, glue 

50s side wall 

50-1 light integrating device, integrator rod, light pipe 

50-2 light integrating device, integrator rod, light pipe 

50-3 light integrating device, integrator rod, light pipe , - 

35 50-4 light integrating device, integrator rod,, light pipe 

55 light mixing device, beam splitter device, colour cube device 
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60 display optics 
70 projection optics 
SO display, display screen 
81 intermediate optics, lens arrangement 
5 82 intermediate optics, polarization beam splitter 

1" illumination arrangement 
2' light source array 
2\ first light source 
10 2' 2 second light source 
2*3 third light source 
2' 4 fourth light source 
2' 5 fifth light source 
3' pyramidal light pipe 
15 4' target surface 

10* first dichroic filter 
1 1 ' second dichroic filler 
12' first colour beam 
13' second colour beam 
20 14' third colour beam 

15* combined colour beam 

16' transmissive/reflective film 

17' transmissive/reflective film 

20' first prism 

25 2 1 1 second prism 

22* third prism - lt ' 

23' first reflective/ transmissive film 

24' second reflective/transmissive film 

25' first prism 

30 26' second prism 

27 ' third prism 

28' first reflective/transmissive film 

29' second reflective/transmissive film 

31 1 first prism 

35 32' second prism 

33' third prism 

34' fourth prism 

35' first transmissive/reflective film 
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36' 


second transmissive/ reflective film 




40' 


illumination arrangement 




41' 


first light source 




42' 


second light source 


5 


43* 


third light source 




44' 


colour cube 




45' 


first transmissive/reflective film 




46' 


second transmissive/reflective film 




47' 


pyramidal light pipe 


10 


48' 


target surface 




49' 


output surface 




50' 


input surface 




51' 


output surface 




52' 


input surface 


15 


53' 


first light ray 




54' 


second light ray 




55' 


third light ray 




56' 


fourth light ray 




60' 


Illumination arrangement 


20 


61' 


first light source 




62' 


second light source 




63' 


third light source 




64' 


first dichroic filter 




65' 


second dichroic filter 


25 


66' 


pyramidal light pipe 




67' 


target surface 




68* 


first transmissive/reflective film 




69' 


second transmissive/reflective film 




70' 


input surface 


30 


80' 


illumination arrangement 




81' 


first light source 




82' 


second light source 




83' 


third light source 




84' 


colour cube 


35 


85' 


first p3>ramidal light pipe 




86* 


second pjTamidal light pipe 




87' 


third pyramidal light pipe 




88' 


target surface 
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10 



15 



20 



25 



89' 

90' 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

120 

121 

122 

123 

124 

126 

130 

140 

141 

142 

145 

146 

147 



first transmissive/reflective film 

second transmissive/reflective film 

illumination arrangement 

first light source 

second light source 

third light source 

colour cube 

first transmissive/reflective film 

second transmissive/reflective film 

pyramidal light pipe 

target surface 

pyramidal light pipe 

pyramidal light pipe 

pyramidal light pipe 

semiconductor 

semiconductor active surface 

epoxy layer 

TIR ray 

TIR ray 

light pipe 

interface 

prism surface 

first transmissive/reflective (dichroic) film 

uncoated margin 

glass plate 

prism 

prism 



G gap structure 

30 G* gap structure 

LI primary illumination light 

L2 secondary illumination light 

nl refraction index 

n2 refraction index 

35 n3 refraction index 

RL1 redirected primary illumination light 



